To evaluate ventricular filling and interactions between right and left ventricles in patients with old myocardial infarction, right and left ventricular time-volume curves were analyzed from a cineangiographic study of 10 normal subjects (Group 1), 10 patients with old anterior myocardial infarction (Group 2) and 10 patients with old inferior myocardial infarction (Group 3). Volumes of both ventricles were calculated from each frame over an entire cardiac cycle using Simpson's method. From timevolume curves, peak ejection rates, peak filling rates and atrial kick rates were obtained for both ventricles and these parameters were normalized by end-diastolic volume. All patients were in sinus rhythm with heart rates less than 80 beats/min. There were no significant differences among the 3 groups in end-diastolic pressure of both ventricles and mean pulmonary artery pressure. Left ventricular ejection fractions were significantly lower in Groups 2 and 3 than in Group 1 (p<0.001, p<0.005, respectively), although there were no significant differences in end-diastolic volume indexes of either ventricle among the 3 groups. Peak left ventricular ejection rate and peak filling rates of the left and right ventricles were lower in Group 2 than in Group 1 (p<0.01, p<0.05, p<0.01, respectively) and peak filling rate of the right ventricle in Group 2 correlated with the peak filling rate of the left ventricle and left ventricular ejection fraction (r=0.64, r=0.64, respectively). Peak filling rate of the right ventricle in Group 2 correlated inversely with left ventricular peak negative dp/dt (r=-0.72), but no correlation was found between peak filling rate of the right ventricle and left ventricular end-diastolic volume index or mean pulmonary artery pressure. Peak ejection rate of the left ventricle and peak filling rates of both ventricles in Group 3 were lower than in Group 1 (p<0.02, p<0.02, p<0.01, respectively) and no correlation was found between peak filling rates of both ventricles. Wall motion of the right ventricular septal portion was slightly reduced in 5 patients in Group 2. In all patients in Group 3, right ventricular wall motion centering around the right ventricular diaphragmatic portion was re-
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These results suggest that in old inferior myocardial infarction, 
MATERIALS AND METHODS

Patient populations:
Thirty patients who underwent cardiac catheterization were studied.
They were classified as follows:
Group 1 consisted of 10 subjects who served as controls; Group 2 consisted of 10 patients with old anterior myocardial infarction; Group 3 consisted of 10 patients with old inferior myocardial infarction. Each of the patients in Group 1 who complained of atypical chest pain had normal clinical findings, a normal left ventriculogram, coronary arteriogram and normal values for hemodynamic variables at rest and during the supine ergometer exercise test or the ergonovine maleate test. All patients in this study were in sinus rhythm with heart rates of not less than 50 beats/min and not over 80 beats/min; patients with bundle branch block, hypertension and valvular heart disease were excluded from the study. Cineangiographic studies were Ventricular volumes were measured by Simpson's method. Each ventriculogram was observed and analyzed frame by frame throughout one cardiac cycle within the first three cardiac cycles following commencement of injection. The time-volume curve and its differentiated curve (time-dV/dt curve) for each right and left ventricle were calculated and constructed using a personal computer (SANYO MBC-220) (Fig.1) . A three point moving average filter was applied. End-diastole was defined as the point on the pressure trace at which the derivative of the pressure first exceeds 200mmHg/sec in the left ventricle and 100mmHg/sec in the right ventricle,5),31) and all cases coincided with the maximal measured ventricular volume. From the timedV/dt curve, peak negative dV/dt, peak positive dV/dt and positive dV/dt coinciding with atrial kick were obtained. Each parameter was normalized by end-diastolic volume for each ventricle and was termed peak ejection rate, peak filling rate and atrial kick rate, respectively.
Asynergy of the left ventricle was assessed by percent change of sector area which was obtained as follows ( Fig.2) . Each end-diastolic and endsystolic left ventricular silhouette of the right oblique projection was divided into 5 sector areas according to the American Heart Association reporting system8) and evaluated according to the percent change of each sector area. Reduced wall motion was defined as being present when the percent change of each sector area was lower by more than 2 standard deviations than the mean value of a normally contracting left ventricle. projections was divided into 3 sector areas and the evaluation based on the percent change of each sector area, i.e., area I is the right ventricular anteroseptal portion, area 2 is the right ventricular diaphragmatic portion, area 3 is the right ventricular inflow portion, area 4 is the right ventricular septal portion, area 5 is the right ventricular diaphragmatic portion, and area 6 is the right ventricular free wall portion (Fig.3) . Reduced wall motion was considered to be present when the percent change of each sector area was lower by more than 2 standard deviations than the mean value of a normally contracting right ventricle. Comparisons of volume measurements (Table III) Relationships of peak filling rate of the right ventricle to left ventricular hemodynamic parameters (Figs.4 and 5):
In Group 2, peak filling rate of the right ventricle correlated moderately with peak filling rate of the left ventricle, left ventricular ejection fraction and Relationships of peak filling rate of the right ventricle (RVPFR) to peak filling rate of the left ventricle (LVPFR), left ventricular ejection fraction (LVEF) and left ventricular peak negative dp/dt (LV peak -dp/dt) in patients with old anterior myocardial infarction (Group 2) and old inferior myocardial infarction (Group 3). left ventricular peak negative dp/dt (r=0.64, r=0.64, r=-0.72), although in Group 3 neither peak filling rate of the left ventricle, left ventricular ejection fraction nor left ventricular peak negative dp/dt correlated with peak filling rate of the right ventricle. The relationships of peak filling rate of the right ventricle to left ventricular end-diastolic volume index and mean pulmonary artery pressure in both Group 2 and Group 3 were not significant. Distribution of regional wall motion abnormality in the left ventricle (Fig.6 ): In Group 2 the abnormal wall motion was mainly observed in area 2 and/or area 3, and in Group 3 abnormal wall motion was mainly observed in area 3 and/or area 4.
Distribution of regional wall motion abnormality in the right ventricle (Fib. All patients in the present study were in sinus rhythm and heart rates were not over 80 beats/min.
Although the ventricular filling pattern is characterized by a biphasic pattern, when early diastolic filling is separated from the late atrial contribution by a slow filling,30) ventricular filling shows a monophasic pattern when the heart rate is over 80 beats/min.
One can detect the effect of atrial contraction on diastolic ventricular volume in most patients with sinus rhythm and rates less than 80 beats/min. 1) In our present study the peak filling rate of the left ventricle was significantly lower in both Group 2 and Group 3 than in Group 1, and in the former groups reduced left ventricular ejection fraction and left ventricular regional wall motion abnormalities were found. There have been several experimental reports of diminished compliance and impaired relaxation of the left ventricle in myocardial infaretion.9),10) It is thus suggested that such impaired left ventricular filling in old myocardial infarction might result from the development of myocardial fibrosis, with alterations in the distensibility characteristics of the left ventricle. Further, all cases with associated right ventricular infarction were in those patients with posterior left ventricular infarction accompanied by transmural infarction of the posterior ventricular septum.
From our study, all cases in Group 3 were observed to have reduced wall motion of the right ventricle centering around the right ventricular diaphragmatic portion. Therefore, in Group 3 reduced wall motion of the right ventricle, suggesting that right ventricular infarction might be associated, would contribute to the impaired right ventricular filling, although hemodynamic parameters in the systolic phase were within normal limits. In our study, end-diastolic volume indices of both ventricles in Group 2 were not enlarged and were not significantly different compared with Group 1, and in Group 2 no correlation was observed between peak filling rate of the right ventricle and left ventricular end-diastolic volume index. Further, peak filling rate of the right ventricle in Group 2 correlated with peak filling rate, ejection fraction and peak negative dp/dt of the left ventricle.
From these results we speculate that the impaired right ventricular filling in Group 2 is closely related to left ventricular function and this impaired right ventricular filling may be mediated not by distension of the pericardium, but by the parallel circuit through the interventricular septum and/or myocardial muscle Jpn. Heart J. J uly 1987
fiber attachment, although in our study it was found that 5 cases in Group 2 had reduced wall motion centering around the right ventricular septal portion.
Limitation of this study:
We used Simpson's method for the calculation of right ventricular volume. This method has proven to be quite accurate when direct right ventricular volume measurements at autopsy were compared to the volumes derived from corresponding biplane right ventricular cineangiograms taken prior to the death of these patients.29)
The assessment of right ventricular wall motion is difficult and its method has not been established, because the pattern of contraction of the right ventricle is more complex than that of the left ventricle.27) Ferlinz et al28) performed an assessment of right ventricular wall motion in patients with old myocardial infarction using biplane right cineventriculogram to analyze seven segmental axes of shortening in each end-systolic and end-diastolic frame. In the left anterior oblique position, the contraction of the right ventricle is mainly composed of the augmentation of the curvature of both right ventricular free wall and septum, and thus precise evaluation such as regional filling is difficult. Accordingly, in this study each end-diastolic and end-systolic silhouette of the right ventricle in the left anterior oblique projection was roughly divided into 3 sector areas (right ventricular septal portion, right ventricular diaphragmatic portion and right ventricular free wall portion) and the evaluation was based on percent change of each sector area.
In conclusion, right ventricular filling was impaired in patients with old myocardial infarction. Further, the impaired ventricular filling of the right ventricle was correlated with that of the left ventricle, not in inferior, but in anterior old myocardial infarction. In old anterior myocardial infarction, the impaired ventricular filling of the left ventricle would induce that of the right ventricle through the interventricular septum, which is the parallel circuit of ventricular interaction. In old inferior myocardial infarction, reduced wall motion of the right ventricle, suggesting that right ventricular infarction might be associated, would play a role in the impaired ventricular filling of the right ventricle.
